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ABSTRACT Nine anHgen systems were defined. Tvo were 
related to HLAtA,B,C and to Xfr-lifce ontigeiis; the otbert could be 
gnniped uto three CBtegoiies. (9 NL-Sfl, NL-l: NIi-2S antibody 
reacted withleukemia oeUs from 12 of 10 coses of null oeQ acute 
•lytttphocytic leukemia (atdl-^JLL) bat not with my other type of 
leuVesua tested or ivith lymphoid rolb of vufous origim. Among 
cultured cell lines tesled> one (NALM-6) of three nuQ-AJX c«ll 
lides w«9 positive; the others wore uegalive* Absorption Analyst 
confinned the reatridion of antigen to n^ALL. NL-l aik- 
tibody was reoctive-wUh ieukeinia cellsmnn 10 of 16 cases of nuQ- 
ALL md 3of 6 cages of chmnic myelo^tiglB iilcMtiia i« MmK» 
(CML-BC). The ttotigea was present also on- a minor population 
of normtdlympIioEdceDs: The distributkm and molectdor wei^t 
(100,000; ^b^protein) of the NL-l flntjgen resembled lhat of the 
previou^ -described common AXX antigeD (cALL). (9 .NL-30, 
NL^i Both antibodies eKhihited aInMSt identical patterns of reac- 
tivities against cultured cell line; tested. They reacted widi ku- 
* kemia cells firom some cases of nuU-AlX» 'adult T-<eU leukemia, 
and CML>fiC, altbovgh they showed discordance m thec' reactiT- 
ities against a panel of kukemia cells. (liQ.NL^, NL^ NL^ES: 
These three, antilwdies detect serologically distingoiBhahle deter- 
minants cm a broad range of leukemiaa and normal lymphoid and 
hematopoietic cell types. The antibodies analyzed In tins study 
.provide evidence -for the beterogeueity of nuD-ALL by demoa^ 
sttft ting a variety of antigen phenotypes on leukemia eelb. One of 
Ihe antigens (NL-22) appears to be restricted to null^AUL. 

By using conventional heteroantisera. the cell Eui&se antigens 
of erythrocyte rosett&^egative (E~)^ snifaoe'immunog)obulin- 
negative (fig') acute lymphocytic leukemia (nuU^ALL) have 
been studied in consideiabk detail (I-5)l One of the best char- 
acterized anfigezks ^of nuIl-ALL is die common ALL antigen 
(cALL) wldch was £rst leported to be present only in null- 
ALL and chronic myelocytic leukemia in fakstic crisis (CML- 
BQ'but was later shown to be alsaexpiressed by a stobU finction 
of fetal liver and regenerating bone marrow cells- (7). Biochem- 
ical characterization of the cALL showed it to bo a 100,000 
glyDopTotein (gplOO) (B). Several other iaboratoiies have also 
detected gplOO antig^ on ALL cells with similar serological 
characteristics (3, 9, 10). 

In the present study, xnonodonal antibodies were developed 
.against nuU-ALL cdls obtained &um a single patient, and nine 
distinct antigen systems we:re defined. Among these, the NL- 
22 antigen is restricted to nuB-ALL and die NIrl antigen 
dosehr resembles cALL. Sui&ce antigenic proHles ofleukemia 
c^ hum 16 cases of nuIl-ALL were studied by using ttus panel 
of monoclonal antibodies. 

Tht pubBcaHon cos ts of this article were defeiyed in pNt' by char^ 
payment This article mmt theiefbre be hereby iqfiTktd '*adt)6ftiit» 
menx** in accordance with 18 U. S. C, H734 sokJy to xodicate this £igL 



MATERIALS AND ME^^OODS 

leukemia and Lymphoid Cells. Peripheral blood or bone 
maiTDw aspirates obtained from patients witih leukemia or nor- 
mal volunfeen were seiparated by Fiool^Paque ^Pharn^) 
de^nsity sedimentatiDn (11). axtd inlei&ce layers were coQected. 
Alxquots of die cdl suspensions were cvyopreserved in liquid 
nitrogen. Specimens of^lymphoid tissues (tonsil, spleen, and 
fetal thymus) were placed in RFM1-164D (GIBCO) 
10% (vol/vol) fetal bovine serum (Micioldologicad Associates, 
WaDcersville, MD). Sin^eKseB suspensions ^¥er6 obtained by 
~ ade manual squeeziag of tissue specsmexis in jsterile vinyl 



Cell sur&ce markers— -suz&oe immunogbbulin (sig), sheep 
erythrocyte rosettes (E), erythrocyte-antlbody-complemeiit 
rosettes (EAC)» and erythrocyto^tibody rosettes (EJQ~~wett 
debennined by K. *K)oike*and T. SnnKi of this institution, ac* 
cording to the method of Tachibana and Ishikawa (12). 

CoItured CeB Lbes. Cultured lines derived from he- 
matapoiefic tumors and other malignancies are listed in Table 
1 (see re£3. 13-1^. Cultures were maintained in HPMI-1640 
Eupj^emented widi streptomycin (lOO:/i^nd), peoicilHn (100 
uz^ml), 2 mM gbtamine and 10% fetiubovine ^enam. 

Serohi^ical Procedure.' Immune adhffrencft assays and qual- 
itative aluorption tests were perfermed as descrited (15> 16). 
When singJe-ceU luspeasioiw were -used a? target cells, cells 
were washed twice with KPMl-1640 and 5,000 ceDs in 10 ^ of 
RPMI-1540 was. seeded into eadi weD of Talcon 3031 plates. 
Plates were Incubated for 2^ hi in 5% CO^ in air in a humidi- 
fied incubator, washed^ and then used far immune adherence 
assays. 

ProductionofHybridomBS AgahutOGSNuU-ALLCeUs. 063 
ALL cells were obtained firom dke peripheral blood of a 22-year- 
jM female patient Tike sur&ce phenotype Of the leukemia cells 
was £ (2%). EAC ^%), £A (4%), and slgi^). A BALB/c fe- 
male mouse was immmoized three 'times at 4-week integrals 
widi 10'' leukemia cdb. The first imnmidzntion was widi fresh 
leukemia cells injected subcntaneously, the second immuni- 
asation was with cryopreserved cells ii^ected subcutaneous]^^ 
^d the diird injectiDn was widi cryopreserved cells ipjocted 
intraperitoneaDy. The mouse was sacrifified 4 days after the bs t 
immunization and apSeen oeUs were obtained for hyljridization. 

Cell hybridization was performed acoordlng to die mediod 

Abbreviatioas: E, sheeo erythrocyte to&ettc; dg, smfece immuno^b- 
lilin; ALL, acute Wpkocytio Icukemiaj uufl-AlXi, null cell ALL; T- 
ALU T cell ALL; B-ALL, B cell ALU CML-BC chronic my«lt}cytic 
leukemia in blastic crisis; cALL* oomsiica ALL antxgea; £A« erythro- 
cytv-anHbody Tt>sette; EAC, icxytbtocytA-4iktilKMKMX>xnplement ro- 
•sett£( ATL| adult T-«ell leukemia; B-CLL. B-ceU cbronicIymphoGytic 
leukemia; AML, acute myelocytic leokemia. 
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polyeAylena^yecl(M,<0^^ Koch-light I^mtories. Bucks. NI^ and NIwl antibodies, with a sin^e reception, show^ 
En^d) m phosphate-bijff^^ saline with 15% (yol/voD di- ihe pattern of reacUvi^ on the pSael of ^tu^d cT^ 

methyl sulfoxide (Merck, Darmstadt. Federal B^ublicof Ger- However, teats ^ch a number of different leukemias (see b^ 

I m Waniinopto^ low) indicated that these two antibodies detected different an- 

thymidine (HAThnediiim and domng by the limiting dilution tigenic determinants. The antiBeo detected by NLr9 antibody 

method were performed as deserfbed (16). wassti^y represented, on tSU lines and on K-^^ 

Immuttoprecipitat^^^^^ Rajj cells were metaboli- not detected on the nonhcmatDpoietiecefllines. NL^andNL- 

caDy labeled with [^Hj^ucosamine, and immunopredpitation 25 antibodies leacled with a broader range of cells. TTiey can 

was carried out as described (16). be distinguished by their patterns of reactivity, particulaily by 
TrccTTv Tc ^ NL-S5 antibody did* not react with sfg* cell types. 

iUL&ui:.iSk NI^12 antibody reacted with an B-ceU lines tested and with the 

Reactivity of Nfonodtmat Antibodies with Cultured T^uior SK-MEL-37 melanoma cell line,.v4iich £s^ known from past work 

Cell Lines. Hybiidoma colonies were observed to 180 of 960 to express la-Iifceantifgens (18), NLrl9 antibody had strong i^- 
wells and antibody actMty against the suifece antigens dTthe with all cell types tested except Daudi, K-562, and SK- 

immunizing nuO-ALL cell was demonstrated in 32 supematants M£Lt33. Because these cell lines lade HLA-A, B, C expression, 

by immune adherence assays. Screening of these antibodies ^appears likely that NL-19detects a HLA-related determinant 
againstapaneIof2lGel]line5 classified dieirreactivityintonine Reactivity of Moitodomd Antibodies with Lymphoid and 

groups (Table' 1).. One antibody from each group was selected Hematopoietic CeH Populations. Ei^t monodonai antibodies 

for further serological analysis. Seven of the nine antibodies were tested againstper^eral blood lymphocytes and lymphoid 
were of the JgM class, and the two- others (NLrl and NL-IS) hematopoietic cell populations fitmi various sources (Table 

were >fla. Because immune adherence assays detect comple- ^I^^"antibody didnot react withany of the cellpopulatkms. 

ment-fixing antibodies, this distribution of immunoglobulin antibody was reactive with 0-10% of cells derived ftom 

classes is what one mi^t expect. fetal thymus, bone marrow, and non*T peripheral blood lym- 

In tests on the cultured tumor cefl lines, NL.22 antibody phocytes but uot with any of the other lymphoid cells tested 

showeddiemost restricted activity. Only one ceD line. NALM- NL^ and NL4 antibo4j also showed, relatively restricted 

M?T^£!SJ weakly With NL-^ ^^^Y- rearfivity-e.g., 5-40% of bone marrow cells and 0-10% of 

NW anhbody was strongly reactive with two nuU-ALL ceU fetal thymocytes, NL-9. NW, NL^25, and NLnl2 antibodies 

Tahie 1. Tite>» of nine mflnodonal witi-ALL (063) antibodies againat rofared cell lineg detennincd by ^^^nn ine Bdhm ppft owy 

MoQock)nal.antIbodlesi titer x lOr^ 
„.,„. ^ . ^n ^in.urtor; %_ j^j, NI,9 NW NI.26 NL-M* HL-IS 
CelH™- Ongm E EAC EA >]« (y29). 00 Qd (^) (ys^ (p) 

068 nuM-AU, 236 4 - 30-10 2625 100 25 126 10 300 

NALM-16. nnll-ALL OOQ— ^ ^ ^ „ 125 _ 125 

N^l; ^"iff 2 ? ^ ' - - - 100 600 L 

St o S J - ^'^ - - 1 25 100 5 15.000 

NAIAl-1 CML.BC 2 0 3 -- 0.2- _ _ _ 26 600 fi 3 000 

K.^ CML.BC 00 91 ^ - _ 100 26^- _ 
Tcell 

SIS 5 1 I I I I ^ z «j z "-s; 

OTMISWB T-ML 0 10 88 - - OJ - _ 2B _ 3.000 - «.0W 

M01T.3 T-Aii 0 7 25 - - _ _ _ a,oocr _ 'eeo ^ Sow 

mi M M- 0 - - - 03 02 600 I 10.000 - 6W00. 

bS 0 87 1 ______ 26 60B _ 1.000 

SSL. s'^iT ^ ^ ^ - - ^ - - - ~ 100 25 ISXKK) 
Dandi Burkitt 09799/«k~ 1 — ^ ^ g _ 

C^SB B-AU* 0 514tk____ 0JJ2B_ 25 IflO 

BALL-l B-ALL 00 47 M*_ — _____ Ss,™ 

SK-DHI,2 DHLf OMOM-l ____„ m J!v3 

Mydoaa 00OA_____ 25_i« 16.000 

Solid tumor 

SK-MEI^ Melannma 51 — 25. 25 5 26 

SK-UEX-33 Melanoma — _ g 5 _ joQ 100 — — 

SK-N-Sa Neurohlartoma — — 6B — lOOeoo 100 

^ SK-HC-7 Renalca ^-^1^25^1 100 

^ Buridtt lyumhoona. 
pAIX^BcelfAlZ 
iBHL, difiuee histiocytic ^ymphdma: 
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Olahle 2. * Immun^ «dhereaoe reactivity of ;eight moaoaonal anti-ALL (063) tJaJtStMu teatod agaiBit vinoM ^^phoid ud 



Te«tcell 



NI^22 



NL-1 



Nlr30 



Peripheral Uood 
lymphocytes 
. T fraction 
Not^TftactioIl 

Spleen cdl^ 



7 
U 



<8 



<3 
<3 
<3 
<3 
<3 



D-IO 



<a 

0-10 

<a 



0-10 



<3 
<8 
<3 
<3 
MO 



0-10 



o-io 

O-IO 

<a 

6-20 



0-10 



NW2 



<3 

0-10 
20-70 

0-10 
30-70 



40^70 



20^ 
40-70 
•20-70 
,20-50 
20-GO 



iO-80 



40-70 
0-10 

20-60 
O-lO 

20-70 



*KaiziborTif.iiainplfi0 betted. 

t Obtfliiied &^ a fetuB at wttdto 

^ Qbtamad ftim padezkto with gaetrio cancer who 

f Obtainfld ftom potientB with idiopethie throni^^ 



6-20 



6h20 
• 30-80 
20-70 
50-70 
10-dO 



reacted with & broad mnge of lymphoid and bemalopaietic cell 
types. 

fieidiviljr of* Monocl(mBl. Antibodies with leukemia Cells 
of Various Types, l^okemia cells fiom 51 patients, inchiding 
< 16 widi nuli-ALL, were coIIectBd and tested as eitlier fresh or 
fiuzen cells &r reactivity widi the eight monodondl antibodies 
CTab^e 3). Interestin^y, NL-22 antibody did not react with all 
nuU-ALL oeibi 4 of the 16 cases of nvU-ALL were negative. No 
other leukemia ceU types j induding T cell ALL (I-ALQ, aduh 
TK^ll]eokeniia(ATI0(19), B-ceQchroniGlymphooyticleukeznia 
(B^LL), and acute myelocytic leukemia (AML), reacted wi^ 
NL-22 andbody. "Hie reactivity ofNL-1 antibody was generally 
restr^d to null-ALL and CML-BC. Both NL^ and NIM 
antibodies also reacted mainly with ALL and CML-BC» al- 
though they were reactive witb some case&of ATL. On the other 
hand, NL-9, and N1^25 antibodies reacted with AML 
as well as ALL. The la-like antigen defined by NL-12 antibody 
(see below) was detected on a majority of the leukemias of aU 
types tested. Typing of 16 individual nuU-ALL cases with the 
ei^t monoclonal antibodies is summarized in Table 4. These 
tests demonstzated cxmsidorabte heterogeneity in tbe oell svr- 
&ce phenotype of nuU-ALL firom different patients 

Qoalitatire Absorption Analysis of NL-22 and NL^l Anti- 
bo£es. To confirm the spedflcity of NL-22 antibody lor nuU- 
ALL cells, absorption analysis was carried out with 063 null- 
ALL as target cells. Twoof die three nuU-ALL cell lines bested, 
NALM-6 and NALEi-l^ absorbed Immune adherence reactivity 
from NL-22 antibody (Table 5). The 19 other ceQ lines studied 
showed no absorption, in agreement with the results of direct 
testSj null-ALL cells from seven of nine cases j^oved reactiv- 
ity. No other normal or. leukemic ceU type removed NL^22 an* 
dbody reactivity. Tlius, both direct tests and absoiptioaanalysis 



indicate that the anb'gen detected by NL-22 antibody is re- 
stricted to nuU-ALL cdls. 

Absoiption analysis of NL-1 antibody was also carried out 
using 063 nuU-ALL as target cells (Table €). Cnltnied ceU lines 
reacting with NL-1. antibody in direct tests (Table 1) removed 
NL-1 reactivity in absoiption tests, in tests wi& leukemia cells, 
bur of five nml*ALL cases showed positive absoiptxan. These 
Bndings also coirespond with the re^ of direct tests. Because 
NL-1 antibody belongs to the 72a daas, it can be detected also 
by protein A assays (20). Absoiiption of NL-1 antibody in these 
assays gave the same results as absoiption andysis using im- 
mune adherence assay;. 

ImmunopredpitBtion Tests with NL-1 and NL-12 Antibod- 
ies. Nonidet F40 lysates of pHJglucosamine^Iabeled Raji cells 
were immunopredpitated with NIrl or NL-12 antibodies and 
the precipitates were analyzed by NaDodSQ^/polyacrylamide 
gel electrophoress. Tlie antigen detected by NL-1 antibt^ 
a glycoprotein of 100,000. KL-12 antibody prec^tated two 
bands with of 34,000 and 28,000, .chaxactezistic of la-like 
antigens. In aooordance with the general experience that IgM 
monodonal antibodies fail to immnnoprecfpitate» attempts to 
precmitate Ae antigens identified by NL-22 antibody-frtnn za* 
oiolabeled extracts of null-ALL oeUs were unsuoces^fiiL 

DISCUSSION 

Since the intiodnctidn ofhyfaridoma techniques, several groups 
have attempted to produce loonodoaal antibodies with speci- 
ficity for ALL ceOs. Rilz etaL 01) described a monoclonal an- 
tibody (J-Sl) thet appeared to be Specific for CALL originally 
defined by Greaves widi' conventional heteroantibody. J-5 an- 
tdbody was initially reported to react only with NALM-1 and 
LA&222 nnll-ALL oeQ lines, but Subsequent studies showed 



Table a Iimnimfl adharmu reactivity of dgbt monodonal anti-ALL (069) antibodke tested against louk«iua* of 
Tarioofltypea 

CaBee»no.^ 





n' 


NL.22 


NL-1 


NL^O 


N1p4 


NL-d 


NL-B 


NL-25 


NL-12 


ALL 




















nuU^ALL 


X6 


12 


•10 


5 


7 


5 


13 


10 


13 


T-ALL 


4 


0 


D 


0 


0 


0 


2 


4 


2 


ATL 


7 


0 


I 


9 




6 


5 


6 


4 


AML 


• 11 


0 


I 


1 


0 


G 


8 


6 


B 


C^BC 


6 


0 


8 


4 


2 


5 


5 


5 


3 


B-CLL 


7 


0 


0 


Q 


0 


1 


3 


0 


4 



* Number of cases tested. 

t Cbbco tiiat showed >209& positive reaction at a senun dilution of 1:200. 
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A^yrjBex 
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NL-22 
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2S;F 
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36 
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■™i 


2 


71 




+ + 


34$ 


36; M 




32 


4 




277 


45; M 


4 


66 


11 


+ 


033 


40tP 


4 


2 


3 




059 


20;M 


S 


2 


S 


+ + 


S38 


lfl;F 


4 


0 


1 


+ 


569 


6;M 


8 


2 


0 


+ 


537 


41; P 


1 


69 


9 




a$4 


13; M 


1 


6 


12 


+ 




l^M 


4 


21 


U 


+ 


041 


12; M 


2 


3 


2 




542 


40; F 


6 


12 


0 




514 


40;M 


6 


X 


4 




040 


43;F 


2 


1 - 


3 




063 


d;H 


1 


2 


4 





iTnnnTTH^ adheroice Tcactivity nf moaodongl antibodies'^ 



NIrl 



MI^O 



NL4 



1^9 



NL^ NL-25 



NL-12 



No. poflltfve: 
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++ 
++ 

+ 

+ 



+ 
13 



++ 
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+ 
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T Refictu>ttt ofafcamed at a mma dOotum of 1:200 eraloated as Mowing; <i%; ±, 1-20%; +, 20-70%; ++. >7«6. 
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that it was reactive with some B-cell lines (22) and ako with 
nottnal tissaes (23), The reactivity of the NL-I mtmocboal an- 
tibody deBned in thi^ study doseiy resembles findings wilh the 
J-5 anybody. Id addition* both J-5 aod NL-l antibodies iden- 
tified glycoproteins in the 3f, 95,000-100,000 x^age. It appean 
likely, ther^re, that and NLrl antibodies detect identical 
or closeiy related molecules. 

In conti^t to the findings with J-5 and NL-1 antibodies, NL- 
22 antibody identifies an antigen that vpptsas to be restricted 
to nuQ-ALL cells. Among 21 cell lines tested, only NALM-6 
derived from a case of nuIl-ALL, reacts widj NL-22 antibody. 
Leukemia cells firom 12 of 16 cases of nuIl-ALL express the an- 
tigen detected by NL-22 antibody; no other normal or leukemic 
cell type was immd to react widi NL-22 antibody. Absoiption 
analysis with NL-22 antibody oozkfinned that nuIl-ALL was the 
only cell type that expressed the NL-22 antigen. Xei^ey re- 
cently described a monoclonal antibody (BA-2) produced 
against a NALM-6 cell lines that identifies a 24,000 protein 
present on nuD-ALL and B-CLL cells (2^. A monodanal an- 

Tahle 5. Absorption analyeigof NIff22 Twanwl^al antibotjy 



tibody (FI 153/^ produced against a neuroblastoma ceUHne W 
Kennett and Gilbert(25) was also reported to react against nnll- 
ALL, B^UU and CML-BC (lymphoid type) (26}, The reactiv- 
ity of NL-22 antibody can be dearly distinguished &om that of 
BA-2 and FI 153/3 antibody by the fact that the NL-22 antigen 
was not detected in seven cases of B-CLL cells. 11iua» of the 
monoclonal antibodies reported to react with nnll-ALL, NL>22 
antibody shows the greatest specificity. However, tests with a 
larger panel of nonnal and maUgnant cell types will be necessary 
before claims for the nulI-ALL spedftd^ of NL-22 antibody 
can be made. In addition, biochemical characterization of the 
NL-22 antj^gen will be important as away to compare it with cell 
svahce antigens being defined in other laboratories. 

Consideiable heterogeneity was observed in ^ suifice phe* 
notype of die 16 cases of mdZ-ALL that were typed with the 
eight monoclonal antibodies developed in tb^ study. Haynes 
c< al (27) also reported the presence of at least five patterns of 
reactivity by studying sorfece antigens of T-ALL wilh an ei- 
tensive panel of monocfonal antibodies, lliese fbdings are con- 



Poative ahaoifption 

Noncnhured colls; 
nnlk AT.r 
OeSp 038,041,059, 
343, 384, 277 
Cdtiuned cell lines: 
Non-T> QOO'B ongin 
KALL-l, NALM.6 



NobfiiU hired ceUa: 
l^euJcenu'a ceDs 
null-ALL 
514,542 
T-ALL 

241,247 
AML 
045, 051, 089 
545,550,663,664 

036 

067.093 
lO^pHoid cells 
FBI,*; 1,2, 3, 4 
Fetal thymocyteK 2 
SplooD oellfl: 5, 6 



NegBtiva abaoiption 



Cultured cell lines: 

non-B ozigin 

NALM-16. NALM-1, K-662 
T-oellorigiii 

RPMI 6402, CCKF-ESB-2, 

45,MOLT-3,MT-l,P-12 
B-wU origin 

DawSi, GCRf*-^ BALL-1, 

^K-DHIr^ SlC-Ior-16, 

RPMI 1788 
Molanona 

SK-MEIrl3, fiK-MEIr2d, 

SK-MEU^Sa, 9K-MEI^37, 

SS-MEIn40 
AsbiMytoiofi 

AJ,AS 
Neurobkfitoma 
SK-NMCS&NSH 



Renal ca 

SK-RC.2.SK'RM 

SK-K0^8K*RC-9 
Bladder ca 

T-24 
Colon ca 

HT'2& 
CerTicalca 

ME-180 



' Feniplieral Uood lyraphogrtM. 
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sistieiLt widk the current view that the surface phenctype of leu- 
kemia cells reflects the phfiDOt>rpeofthenornul precursor, and 
that leukemic transibnnatitm can occur at a number of different 
steps in the difTereDtiatioD pathway. It is possible, however, that 
mahgAant tidnsibrmation modifies expression of ceil soil&ce 
-antigeDS. The phenotype of leukemia cells mi^t not corre- 
spond, therefore, to a normal cell counterpart, and the heter- 
oge(neity observed widb leukemias may no tredect a cuAiespoiid- 
Ing diversity in the normal physiological pathway of difierentia< 
tion- 

We tfa«ik Dn, IL Yamada and S. Minami of Nogoya Univertity 
School of Medicine (Nagc»y4 and Di. M. SetD of Aiihi Cbdcqt Center 
Research Inftitute (Nogvya) for dieir stimulating discussioa. The tech- 
nioa] 35n9tance of Ms. S. Katoyama, Ms. Y. Matsudaira^ and Ms. M. 
Tatematsu and the excdlent secretarial service of Mi. K. MxzutanI are 
also adcDovdedged. This work was supported in part by Grants-in'Aid 
fot Caiiei^Besc»di £om die Mim$tiy of EducatiOiii Science, and Cul- 
ture and the Ministcy of Health and Wel£uej Japan, and a grant from 
the Cancer Besearch Institute, New York. 

1. MetKar. B. S. ft Mohanakomar, T, (197$) Sennru H^matcl 15, 
130— fe6. 

2. BoreDa, L, Sen, L. ft Cwper. J. T. (1977) /. ImmsinoL 118, 
30ft-315. 



troc Nad Acad. Sci, USA 79 (1982) 

3. Bilhne, B., Mwwwada, J.» ClinG, M., Clark, B. 4 Lee. K. QSFTS^ 

4. iVsando, J. M., BJli, J,. Lazarus. H., CosteUo, S. B., SaHro, S, 
E. & Sddossman. S. P, (1978) Blood 6i, 1240-1248. 

5. LeBlCD, Hurwita, B. L & Kersey, J. H. (1979)/, ImmanoL 
122,62-88. 

6. Greaves, M. F.. Btowd, G„ Eapsoa, N. T. ft lister, T, A. (1975) 
CUn, Imnwrwl Immunopaihol 4, 67-^ 

7. Graves, M. F. & Janos^, G. (I&78) BiocW, Btopfti^ Airta 516. 
1B3-230L 

8. Sutherland, R. Smart. J,, Niaudrt, P. & Greaves, M. F. (1978) 
Ledfcmte Rm. 2, llS-12a 

9. Kahisch, a. Arodt, B., Bedeer, W. Tlilele, H. C. & Land- 
heck, G. (1979) LMcWa Rm. 0, 

10. Pesasid^ J. M,. Bitz, J., Keviw, H.. Terhorst, Lassiros. H. 

& Schlossmann S. F. (1980)/. ImnunoL 2794-^. 
U. Boyum, A-(196S)Scfliid/.Cttn.Lfl6.JnoMt21,77-89. 
12. •nchibm T. ft Ishikawa, M< (1973) Jpn, /. JSm M*ii 43, 

Chechik, &. E. & Minowada, J. (lWB)/.Na*l Cancer Init 61, 
609-614. 

Mivoshi. L, HitaR 5., Tsubota, T., Kubonishi, 1., Matsuda. 7.. 
Nakayams, T.. Eishimoto, H.. Emqra, L ft Masujl, H. (ISTT) 
Nature (London) 267, 843-844. 
IS. Shiku. H.. Maiashi, X, Oett^ 
fis7JcMffd:i44» 673-881. 

Uedii, a, Ogata. S.-1., Monisscy, D. M.. Finstad. C. L., Szkud- 
larek, J., Whihnare, W, F.. Oetfeen, H. F., Uoyd, K. O. ft OM. 
L. 1 (1981) Fnc Natl AaiL Sci USA 78, 5122-^5126. 
KAhlcr, G. ft MibteiD, C. H^Nciun (London) 256. 495^. 
WlnAesler. R. J.. Wang, C-Y.. Gibotsky, A., Kimkel, H. G., 
Lbyd. E. 0. ft Old, L. J. (1976) Proa NtO-Acad^Sd USA 75, 
6235-6239. 

Uchiyama. T., Yodd. J„ Sagnva, K., Tafattsukl, K. & Udkido. H. 
(1977)fi2Mki50, 481-492. 

Pfreuadsdnih, M., Shikn, IL, TakahathL T., Veda, fi, Bmso- 
hof^ J., Oettgen, H. F. ft Old. L. J. (1978) FfocNiul Acad 5<i 
O&A 7S, 5122^126. 
2L Bitz. )., Pesando, T. M., Notis-McConarty. L, Lmius, H. ft 
Schlossnian. S. F. (1980) Nature (London) SSa, 583-585. 

22. Rto, J., Nadler, U M., Blan, A. K„ Notis-McConwty. J.. 
sando, J. M. ft Schkitunan, S. F. (1981) Biood 5S, 64B-652. 

23. Mvtfpr, B. S., Bonmt% M, Jone«, N. H. ft Dowell, B, L. 
(19811/. £m Med. 154, 1249-1251 

21 Eer^. J. H.» I^Bion, T. W„ AbtamsDn, C. S.. Newman. B.. 
SuEh^l^ B. & Gieaves, M. F. (1981) /. Km Med. 153, 
726-731. 

25. Eemiett. R. H. ft Gilbert F. (1979) Sdence 203, 1120^1121. 

26. Greaves. M. F.. Verbi. W.. Kemshead, J. ft Kemiett. R. (198(0 
B;oo<i56.U41-U44. 

27. Haynes, B. F., Metzgor, B. S., Minna, J. D. ft Bunn, P. A. 
(1981) N, En^ J. Melm, 1319-1323. 



13. 
14 



16. 



17. 
18. 



19. 

20. 



PAGE 100/137 ' RCVD AT 2/612006 7:49:12 PM [Eastern Standard Time] ' SVR:USPTO-EFXRF-6f30 ' DNIS:273830fl * CSID:212583fl150 ' DURATION (mfn-ss):41-24 



